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(57) ABSTRACT

A plurality of video acquisition units 100-1 to 100 N acquire
videos. A plurality of visual event detection units 101-1 to
101-N provided corresponding to the plurality of video acqui-
sition units analyze the videos acquired by the plurality of
video acquisition units 100-1 to 100-N to detect visual events,
and generate visual event detection information including
time information on when the visual events occur. A visual
event integration means 102 integrates the visual event detec-
tion information generated by the plurality of visual event
detection units 101-1 to 101-N and generates time synchro-
nization information which is used to synchronize the times
of the videos acquired by the plurality of video acquisition
units 100-1 to 100-N.
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1
TIME SYNCHRONIZATION INFORMATION
COMPUTATION DEVICE FOR
SYNCHRONIZING A PLURALITY OF
VIDEOS, TIME SYNCHRONIZATION
INFORMATION COMPUTATION METHOD
FOR SYNCHRONIZING A PLURALITY OF
VIDEOS AND TIME SYNCHRONIZATION
INFORMATION COMPUTATION PROGRAM
FOR SYNCHRONIZING A PLURALITY OF
VIDEOS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of Interna-
tional Application No. PCT/JP2012/007324 entitled “Time
Synchronization Information Computation Device, Time
Synchronization Information Computation Method and Time
Synchronization Information Computation Program,” filed
on Nov. 15, 2012, which claims the benefit of the priority of
Japanese Patent Application No. 2011-277155, filed on Dec.
19, 2011, the disclosures of each of which are hereby incor-
porated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a time synchronization
information computation device for synchronizing a plurality
of videos, a time synchronization information computation
method and a time synchronization information computation
program.

BACKGROUND ART

When the same subject is shot by a plurality of cameras, the
times may not be synchronized between the videos shot by the
cameras. As a method for synchronizing videos shot by a
plurality of cameras for which shooting timings are not syn-
chronized, there is employed a method for synchronizing
shooting timings of cameras with reference to a modulation
timing of an illuminated light by use of an intensity-modu-
lated illumination device (see Patent Literature 1, for
example). The method described in Patent Literature 1 is such
that an intensity-modulated illumination light is illuminated
and a change in luminance of the illumination light is read by
a camera so that atemporal shift between the operations of the
illumination device and the camera (shooting device) is com-
puted. Then, a frame time of the camera (shooting device) is
adjusted based on the computed temporal shift, thereby
reducing a temporal shift.

FIG. 10 is an explanatory diagram illustrating an exem-
plary structure of a synchronization device. The synchroni-
zation device illustrated in FIG. 10 is a device to which the
method described in Patent Literature 1 is applied. As illus-
trated in FIG. 10, the synchronization device includes tem-
poral function generation means 1, shooting means 2, feature
computation means 3, temporal correlation computation
means 4, and illumination means 5.

The shooting means 2 shoots videos of a subject 8, and
outputs the shot videos to the feature computation means 3.
The feature computation means 3 has an input of the videos
output from the shooting means 2 and outputs a feature tem-
poral function b(t) to the temporal correlation computation
means 4. The temporal correlation computation means 4
compares a temporal function a(t) output from the temporal
function generation means 1 with the feature temporal func-
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tion b(t) output from the feature computation means 3 thereby
to generate and output time synchronization information.

The operations of the synchronization device illustrated in
FIG. 10 will be described below.

At first, the temporal function generation means 1 outputs
the temporal function a(t) taking a value defined per frame.
Specifically, a rectangular waveform function having a duty
ratio of 1:1 at which a positive or negative value is taken for
each frame is employed. The temporal function a(t) is output
to the illumination means 5 and the temporal correlation
computation means 4.

The illumination means 5 illuminates an intensity-changed
light on the subject 8 depending on the value of the input
temporal function a(t).

The shooting means 2 shoots the subject 8 illuminated with
the light from the illumination means 5, and acquires and
outputs videos of the subject to the feature computation
means 3. The feature computation means 3 computes a total
of luminance values in a frame as the feature from the video
of the subject, and computes the feature temporal function
b(t) as a function indicating a temporal change in the com-
puted feature. The computed feature temporal function b(t) is
output to the temporal correlation computation means 4.

The temporal correlation computation means 4 computes a
temporal correlation between the temporal function a(t) and
the feature temporal function b(t) in the following Equation

@D

[Mathematical Formula 1]

4= %fa(t)b(t)dt Equation (1)

The temporal correlation value q in Equation (1) changes
due to a difference in phase between the temporal function
a(t) and the feature temporal function b(t). That is, the tem-
poral correlation value q corresponds to a temporal shift
between the operations of the illumination means 5 and the
shooting means 2. Thus, time synchronization information
can be acquired from the temporal correlation value q.

CITATION LIST
Patent Literature
PLT 1: JP 2010-135926 A
SUMMARY OF INVENTION
Technical Problem

The device described in Patent Literature 1 needs to illu-
minate a modulated light in order to synchronize videos shot
by a plurality of cameras. When a certain period of time
elapses after synchronization, a temporal shift occurs
between the videos and synchronization therebetween may
be impossible. Therefore, a modulated light needs to be peri-
odically illuminated in order to prevent a temporal shift
between videos, which causes an increase in cost.

It is an object of the present invention to provide a time
synchronization information computation device capable of
synchronizing the times of a plurality of cameras without the
need of a special device, a time synchronization information
computation method, and a time synchronization information
computation program.
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Solution to Problem

A time synchronization information computation device
according to the present invention is characterized by com-
prising a plurality of video acquisition means for acquiring
videos, a plurality of visual event detection means provided
corresponding to the plurality of video acquisition means for
analyzing the videos acquired by the plurality of video acqui-
sition means to detect visual events, and generating visual
event detection information including information on when
the visual events are detected, and visual event integration
means for integrating the visual event detection information
generated by the plurality of visual event detection means,
and generating time synchronization information for syn-
chronizing the times of the videos acquired by the plurality of
video acquisition means.

A time synchronization information computation method
according to the present invention is characterized by com-
prising the steps of inputting a plurality of videos therein,
analyzing the plurality of input videos and detecting visual
events, generating visual event detection information includ-
ing information on when the visual events are detected, and
integrating the generated visual event detection information
and generating time synchronization information for syn-
chronizing the times of the plurality of videos.

A time synchronization information computation program
according to the present invention is characterized by causing
a computer to perform a processing of inputting a plurality of
videos therein, a visual event detection processing of analyz-
ing the plurality of input videos to detect visual events, and
generating visual event detection information including
information on when the visual events are detected, and a
visual event integration processing of integrating the gener-
ated visual event detection information and generating time
synchronization information for synchronizing the times of
the plurality of videos.

Advantageous Effects of Invention

According to the present invention, it is possible to syn-
chronize the times of a plurality of cameras by detecting
visual events naturally occurring during shooting without the
need of a special device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 It depicts a block diagram illustrating a structure of
a time synchronization information computation device
according to the present invention.

FIG. 2 It depicts an explanatory diagram illustrating how to
find a visual event occurrence likelihood function fi(t).

FIG. 3 It depicts a flowchart illustrating operations of a
visual event integration means.

FIG. 4 It depicts a block diagram illustrating an exemplary
structure of a visual event detection means.

FIG. 5 It depicts a block diagram illustrating an exemplary
structure of a brightness change detection means.

FIG. 6 It depicts a block diagram illustrating an exemplary
structure of a person posture change/action detection means.

FIG. 7 It depicts a block diagram illustrating other exem-
plary structure of the person posture change/action detection
means.

FIG. 8 It depicts a block diagram illustrating an exemplary
structure of a specific object state change detection means.

FIG. 9 It depicts a block diagram illustrating an exemplary
structure of a specific state change detection means.
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FIG. 10 It depicts an explanatory diagram illustrating an
exemplary structure of a synchronization device.

DESCRIPTION OF EMBODIMENTS
First Exemplary Embodiment

A first exemplary embodiment, according to the present
invention will be described below with reference to the draw-
ings.

FIG. 1 is a block diagram illustrating a structure of a time
synchronization information computation device according
to the present invention. As illustrated in FIG. 1, the time
synchronization information computation device comprises
video acquisition means 100-1 to 100-N, visual event detec-
tion means 101-1 to 101-N, and visual event integration
means 102.

The video acquisition means 100-1 to 100-N are capable of
acquiring videos of a camera or the like. The video acquisition
means 100-1 to 100-N output the acquired videos to the visual
event detection means 101-1 to 101-N, respectively.

The video acquisition means 100-1 to 100-N may be
directed for reading videos shot by a camera or the like from
a recording medium. For example, when a video shot by a
camera is recorded in a video tape, a device for reading the
video tape may be the video acquisition means.

The visual event detection means 101-1 to 101-N have an
input of the videos from the video acquisition means 100-1 to
100-N, respectively. The visual event detection means 101-1
to 101-N generate visual event detection information and
output the generated visual event detection information to the
visual event integration means 102, respectively.

The visual event integration means 102 has an input of the
visual event detection information from the visual event
detection means 101-1 to 101-N. The visual event integration
means 102 generates and outputs time synchronization infor-
mation.

The visual event detection means 101-1 to 101-N and the
visual event integration means 102 are accomplished by a
CPU provided in the time synchronization information com-
putation device. For example, the CPU of a computer reads a
time synchronization information computation program, and
may operate as the visual event detection means 101-1 to
101-N and the visual event integration means 102 according
to the program. The time synchronization information com-
putation program may be recorded in a computer-readable
recording medium. The visual event detection means 101-1 to
101-N and the visual event integration means 102 may be
accomplished by separate hardware, respectively.

The operations of the time synchronization information
computation device will be described below.

At first, the video acquisition means 100-1 to 100-N
acquire videos. According to the present exemplary embodi-
ment, the video acquisition means 100-1 to 100-N are
assumed to be able to shoot almost the same area and to be
arranged at positions where they can detect the same visual
event.

The visual event is not limited to a visual event detectable
from the videos acquired from all the video acquisition
means, and may be a visual event detectable from videos
acquired from only some of the video acquisition means.

The visual event is an event visually detectable from video
information. The visual event may be a change in brightness
of an entire screen or a partial region thereof, a change in
person posture or state or an action such as bending, falling
down, running or passing through a specific position, a
change in state of a specific object such as automatic door or
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showcase door, an occurrence of a specific event such as
object’s dropping or breaking, or the like.

The video acquisition means 100-1 to 100-N output the
acquired videos to the visual event detection means 101-1 to
101-N, respectively.

The visual event detection means 101-1 to 101-N generate
a frame image from the input video and detect a visual event
from the generated frame image, respectively. A visual event
detection method will be described below in detail. When the
input video is an analog video, the visual event detection
means 101-1 to 101-N capture the videos by use of a video
capture method, thereby generating a frame image. When the
input video is a digital video encoded by H.264, Motion
JPEG, MPEG-2 or the like, the visual event detection means
101-1 to 101-N decode the videos by a corresponding decode
system thereby to generate a frame image, respectively.

The visual event detection means 101-1 to 101-N may
detect a video without complete decode of the video depend-
ing a type of the visual event. In this case, the visual event
detection means 101-1 to 101-N may perform essential
decoding, extract the feature, and detect a visual event. For
example, a change in brightness can be detected by finding a
difference between average values of pixel values in each
frame as described later. Thus, the visual event detection
means 101-1 to 101-N may compute an average value of each
frame by extracting only the DC components of each block of
H.264 or MPEG-2/4 and averaging the extracted DC compo-
nents.

The visual event detection means 101-1 to 101-N may not
detect all the visual events described above, and may detect at
least one of them.

The visual event detection means 101-1 to 101-N output
the detected results as visual event detection information to
the visual event integration means 102, respectively.

The visual event detection information includes informa-
tion on a type of a detected event (which will be denoted as
event type information below) and time information on when
an occurrence of the event is detected (which will be denoted
as event detection time information below). The type of an
event is a change in brightness or a change in person state. The
time information is associated with the videos input into the
visual event detection means 101-1 to 101-N. For example,
the event detection time information included in the visual
event detection information output from the visual event
detection means 101-1 is generated based on the time infor-
mation associated with the videos input into the visual event
detection means 101-1. The visual event detection informa-
tion may include information on a degree of reliability of the
event detection.

The visual event integration means 102 detects a temporal
shift associated with the videos acquired by each video acqui-
sition means based on the visual event detection information
input from each visual event detection means, and generates
information necessary for synchronizing the times of the
videos, or time synchronization information.

The operations of generating time synchronization infor-
mation by the visual event integration means 102 will be
described herein.

At first, the visual event integration means 102 finds a
likelihood function of each visual event occurrence from each
item of visual event detection information. FIG. 2 is, an
explanatory diagram illustrating how to find a visual event
occurrence likelihood function fi(t). Herein, the likelihood
function indicates a likelihood (probability) of an occurrence
of'a visual event at a certain time t. For example, a likelihood
function for an event type j can be computed as in Equation
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[Mathematical Formula 2]

K Equation (2)
£ = Zgj(l— Lijk)
k=1

Herein, t, . indicates the k-th detection time of the event
type j included in the visual event detection information i. K;
indicates the number of occurrences of an event of the event
type j. g(t) is a temporal direction likelihood distribution
function for the event type j. The temporal direction likeli-
hood distribution function g(t) is previously stored in a stor-
age unit (not illustrated) provided in the time synchronization
information computation device.

Generally, even when an event is detected at time t, the
detection time may include some errors. Therefore, the true
value ofthe event occurrence time may slightly shift before or
after. g(t) is a function obtained by modeling how much the
true value of the event occurrence time shifts before or after.

Typically, how much the true value of the event occurrence
time shifts depends on a type of the event. For example, the
true value slightly shifts for a change in brightness while
detection time for a person action, and thus the true value
largely shifts. Therefore, g (t) may be set per event type.

If a change may be caused due to other factors such as
temporal conditions including nighttime and daytime,
weather conditions and illumination conditions, g(t) may be
accordingly set.

Then, the visual event integration means 102 computes
time synchronization information between the videos output
from the video acquisition means based on the event occur-
rence likelihood function computed from each item of visual
event detection information. When time synchronization is
taken within a time in which expansion/shrinkage of the
temporal axis between the video times is not problematic,
only the shift amount (offset) of the time of each video may be
corrected. In this case, for 3, to f indicated in the following
Equation (3), the values that maximize F(} to 3,,) are found.

[Mathematical Formula 3]

Equation (3)

N .
Fifie e = [ Y| espoac

7 =1

=f2

[Mathematical Formula 4]

N K
Zgj(Hﬁ'i —fjedt
=1

i=1

N Equation (4)
[[#a+s0
i=1

A visual event may be detected for all the video 1 to video
N, and additionally may be detected for specific videos
depending on a type of the visual event. For example, an event
for adoor state change is limited to videos including a door. In
this case, a product of the likelihood function in Equation (3),
or Equation (4) is computed except the videos in which the
door state change cannot be detected. The computation is
equivalent to computation made by always regarding the like-
lihood function in Equation (2) as 1 for the videos in which an
event for the door state change cannot be originally detected.

In Equation (3), a degree of freedom remains for a constant
shift of §, to B,- That is, even when the certain shift amount
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is given to all of 3, to Py, the value of F(B,, . . ., ) is the
same. Therefore, any one of f3, to f3,is fixed and other values
are found. For example, 3,=0 is assumed and other values are
found.

In consideration of expansion/shrinkage of the temporal
axis between the video times, the expansion/shrinkage of the
temporal axis is modeled thereby to perform the similar pro-
cessings to the above. For example, assuming that the expan-
sion/shrinkage of the temporal axis is linear, the visual event
integration means 102 performs the similar processings in
consideration of the linear change of the temporal axis. That
is, the visual event integration means 102 finds o, to o, and
B, to B, maximizing the following Equation (5).

[Mathematical Formula 5]
Equation (5)

N

Flag, ... ,ozN,ﬁ'l,... ,ﬁN)=le_[f;j(w;[+ﬁ;)dl
7 =1

Also in Equation (5), the degrees of freedom for a scale of
a and a constant shift of p remain, and thus other values may
be found assuming o, =1 and 3,=0. When expansion/shrink-
age of the temporal axis is expressed in a linear model, time
synchronization information can be computed in this way. A
more generalized function is employed for the part of o, t+f3,,
thereby computing time information also when a more com-
plicated model is employed.

When the visual event detection information includes reli-
ability information, the information is reflected as a weight to
perform the above processings. For example, a degree of
reliability for detecting an event type j at time t, ; ;, which is
included in the event detection information i, is p; ;,, a value
obtained by multiplying g(t-t,;,) of the event detection
information i by a weight corresponding to p, ;, may be used
to find an event occurrence likelihood function.

When synchronization information for maximizing
F(B,...,Pa)orF(ay, ..., 0, By, - - ., Pa) is found, the above
computation may be made for some groups without the com-
putation for the entire visual event detection information,
thereby finally achieving total integration. For example, an
event that a door is open can be captured only in videos in
which the door is shot. Thus, the visual event detection infor-
mation generated from the videos in which the door is shot
can be grouped. In this way, the visual event detection infor-
mation is grouped depending on a visual event capable of
being captured. After time synchronization information is
found in each group, the time synchronization information
may be adjusted between groups by use of a visual event
capable of being captured commonly in groups, for example,
a detection result such as a change in brightness.

FIG. 3 is a flowchart illustrating the operations of the visual
event integration means 102.

The visual event integration means 102 computes an event
occurrence likelihood function one after the other for the
visual events to be detected with respect to each event type
(steps S1 to S3, S5).

Specifically, at first, the visual event integration means 102
selects a first event type (step S1). Then, the visual event
integration means 102 computes an event occurrence likeli-
hood function for the selected event type in the above method
(step S2).
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The visual event integration means 102 determines
whether the event type selected in step S1 is the final event
type (step S3). Herein, when the selected event type is not the
final event type (N in step S3), the visual event integration
means 102 selects a next event type (step S5) and returns to
the processing in step S2. When the selected event type is the
final event type (Y in step S3), the processing proceeds to step
S4.

The visual event integration means 102 uses the event
occurrence likelihood function computed in step S2 to find
a,(i=1 to N) or B, (i=1 to N) maximizing F(f,, . . ., f5) in
Equation (3) or F(a,, . .., aps By, - - - 5 Pa) in Equation (5),
thereby computing time synchronization information (step
S4).

As described above, according to the present exemplary
embodiment, various visual events naturally occurring during
shooting are detected and the times thereof are integrated in
consideration of an event occurrence likelihood per event
type. Thereby, information necessary for time synchroniza-
tion between a plurality of videos can be generated.

Time synchronization information generated by the time
synchronization information computation device is input
together with videos into a video input device for inputting a
plurality of videos therein, thereby taking time synchroniza-
tion between the videos. Therefore, even when the time of
each camera shifts from the first adjusted time between the
cameras, the time synchronization information generated by
the time synchronization information computation device is
used thereby to synchronize the times of the videos shot by
the cameras without readjustment of the times ofthe cameras.
For example, even when the times of videos shot by a plurality
of monitoring cameras shift, the videos can be synchronized.

Thereby, the position of a person or object can be extracted
in association with the videos shot by the cameras. The posi-
tion information extracted in this way can be used for detect-
ing an intrusion of a person into a specific region, for example.
Person’s trajectories made of the extracted time-sequential
position information is analyzed to be used for a system or
service for acquiring information on marketing or shop lay-
out. Further, it can be used for a system or service for extract-
ing workers’ trajectories and analyzing a working efficiency
in a factory or distribution warehouse.

There has been described in the present exemplary embodi-
ment the case in which time synchronization information is
extracted from videos shot by cameras in real-time, but the
stored videos shot by the cameras may be processed offline to
extract time synchronization information.

There has been described in the present exemplary embodi-
ment the case in which a visual event is always detected, but
when it is previously known that a temporal shift is small, a
visual event may be intermittently detected. That is, once
synchronization is achieved, a visual event may not be
detected for a while and synchronization may be taken again
after a certain period of time. With the intermittent detection,
power consumption required for extracting time synchroni-
zation information can be further reduced than in constant
operation.

When videos are synchronized offline, the videos may be
skipped for a certain period of time and then may be synchro-
nized again. The video periods in which the synchronization
processing is skipped may be found from previous and sub-
sequent time synchronization information by interpolation.

In the present exemplary embodiment, time synchroniza-
tion information enabling the times of a plurality of cameras
to be synchronized is generated based on the visual events
detected by the visual event detection means 101-1 to 101-N.
Therefore, unlike the device described in Patent Literature 1,
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cost can be reduced without the need of using a special device
such as illumination device for illuminating a modulated
light.

The visual event detection means 101-1 to 101-N will be
described below in detail.

A structure of the visual event detection means will be first
described.

FIG. 4 is a block diagram illustrating an exemplary struc-
ture of the visual event detection means. As illustrated in FIG.
4, the visual event detection means includes event detection
means such as brightness change detection means 201, person
posture change/action detection means 202, specific object
state change detection means 203 and specific state change
detection means 204. Further, the visual event detection
means includes a visual event detection information integra-
tion means 210.

The brightness change detection means 201 has an input of
videos and generates brightness change detection informa-
tion based on the input videos. The brightness change detec-
tion means 201 outputs the generated brightness change
detection information to the visual event detection informa-
tion integration means 210.

The person posture change/action detection means 202 has
an input of videos and generates person posture change/ac-
tion detection information based on the input videos. The
person posture change/action detection means 202 outputs
the generated person posture change/action detection infor-
mation to the visual event detection information integration
means 210.

The specific object state change detection means 203 has
an input of videos and generates specific object state change
detection information based on the input videos. The specific
object state change detection means 203 outputs the gener-
ated specific object state change detection information to the
visual event detection information integration means 210.

The specific state change detection means 204 has an input
of'videos and generates specific state change detection infor-
mation based on the input videos. The specific state change
detection means 204 outputs the generated specific state
change detection information to the visual event detection
information integration means 210.

The visual event detection information integration means
210 integrates the input brightness change detection informa-
tion, person posture change/action detection information,
specific object state change detection information and spe-
cific state change detection information, and generates visual
event detection information. The visual event detection infor-
mation integration means 210 outputs the generated visual
event detection information.

The outlines of the brightness change detection means 201,
the person posture change/action detection means 202, the
specific object state change detection means 203, the specific
state change detection means 204 and the visual event detec-
tion information integration means 210 will be described
below.

The brightness change detection means 201 detects bright-
ness of the entire screen or a partial region thereof from the
input video. A factor causing a change in brightness may be
powering ON/OFF of illumination in a room. In this case,
brightness of the entire screen changes and thus the bright-
ness change detection means 201 detects and outputs the
change.

When an illumination light in a specific area is powered
ON/OFF, the brightness change detection means 201 may
detect a change in brightness based on only a video region in
which the area is shot. The brightness change detection means
201 may detect a change in brightness due to opening/closing
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of'a window shade. Further, the brightness change detection
means 201 may detect a change in brightness due to weather
such as thunder or sunlight from behind the clouds.

The brightness change detection means 201 outputs a
brightness change detection result as brightness change
detection information to the visual event detection informa-
tion integration means 210. The brightness change detection
information includes a time when the change in brightness is
detected. When information on a degree of reliability of the
detection result can be acquired together with the brightness
change detection information, the brightness change detec-
tion means 201 may include the information in the brightness
change detection information. When the way of brightness
changes is different like a change in local brightness or a
change in total brightness, and a detection result is different
like a change detectable only in a specific video, the bright-
ness change detection means 201 classifies the changes and
may include event type information for classification in the
brightness change detection information.

The person posture change/action detection means 202
extracts a person region from an input video and detects a
change in person posture or state/action. The changes in pos-
ture or state to be detected may be changes in posture or state
such as bending (sitting) from a standing state, standing up
from a bending (seated) state, bending to bring up an object,
or stumbling over something and falling down. The person
posture change/action detection means 202 may detect a
change in posture caused by bowing, raising a hand, stretch-
ing or turning around. The actions to be detected may be
various actions such as passing through a certain position,
taking something in one hand, making a call, putting a hat on,
and starting to walk.

Bowing may be regarded as both a change in posture and an
action, and may be classified in either one.

The person posture change/action detection means 202
outputs a change in person posture or state or an action-
detected result as person posture change/action detection
information to the visual event detection information integra-
tion means 210. The person posture change/action detection
information includes a time when the change in person pos-
ture or state or the action is detected, and event type informa-
tion for classifying the detected change in posture/state and
action. When information on a degree of reliability of the
detection result can be acquired together with the person
posture change/action detection information, the person pos-
ture change/action detection means 202 may include the
information in the person posture change/action detection
information.

The specific object state change detection means 203
extracts a region of a specific object from an input video and
detects a change in state of the specific object. The state
changes of specific objects to be detected may be opening/
closing of a door (automatic door), opening/closing of a door
of a refrigerator/freezer, switching of videos on a display, a
state change of an object whose state periodically changes
such as marionette clock, and the like. When the input video
is a road monitoring video, the specific object state change
detection means 203 may detect a change in traffic light. The
detection will be described below in detail.

The specific object state change detection means 203 out-
puts a result in which a change in state of a specific object is
detected as specific object state change detection information
to the visual event detection information integration means
210. The specific object state change detection information
includes a time when the change in state of the specific object
is detected, and event type information for classifying the
detected change in state of the specific object. When infor-
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mation on a degree of reliability of the detection result can be
acquired together with the specific object state change detec-
tion information, the specific object state change detection
means 203 may include the information in the specific object
state change detection information.

The specific state change detection means 204 detects an
occurrence of a specific event from an input video. The spe-
cific events to be detected may be drop, collision, corruption
and the like of an object. When the input video is a road
monitoring video, the specific state change detection means
204 may detect a change in stream of cars caused by a
switched traffic light.

The specific state change detection means 204 outputs a
result in which an occurrence of a specific state change or
specific event is detected as specific state change detection
information to the visual event detection information integra-
tion means 210. The specific state change detection informa-
tion includes a time when the occurrence of the specific state
change or specific event is detected, and event type informa-
tion for classifying the detected specific state change or spe-
cific event. When information on a degree of reliability of the
detection result can be acquired together with the specific
state change detection information, the specific state change
detection means 204 may include the information in the spe-
cific state change detection information.

The visual event detection information integration means
210 integrates the brightness change detection information,
the person posture change/action detection information, the
specific object state change detection information and the
specific state change detection information, and outputs
visual event detection information. The integration per-
formed by the visual event detection information integration
means 210 may be equivalent to multiplexing each item of
information. The visual event detection information integra-
tion means 210 may sort each information in order of time and
store into the visual event detection information, or collec-
tively store in units of event type per certain period of time.

The visual event detection means 101-1 to 101-N each may
not include all of the brightness change detection means 201,
the person posture change/action detection means 202, the
specific object state change detection means 203 and the
specific state change detection means 204. For example,
when the visual event detection means includes only the
brightness change detection means 201 and person posture
change/action detection means 202, the visual event detection
information integration means 210 integrates and outputs
only the output results from the brightness change detection
means 201 and the person posture change/action detection
means 202 in the visual event detection information integra-
tion means 210.

The structures of the brightness change detection means
201, the person posture change/action detection means 202,
the specific object state change detection means 203 and the
specific state change detection means 204, and the visual
event detection operations will be described below in detail.

Structure of the brightness change detection means 201
will be first described.

FIG. 5 is a block diagram illustrating an exemplary struc-
ture of the brightness change detection means 201. As illus-
trated in FIG. 5, the brightness change detection means 201
includes inter-frame pixel value difference computation
means 300 and pixel value difference judgment means 301.

The inter-frame pixel value difference computation means
300 generates inter-frame pixel value difference information
based on input videos.
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The pixel value difference judgment means 301 generates
brightness change detection information from the generated
inter-frame pixel value difference information.

The operations of the brightness change detection means
201 will be described below.

The inter-frame pixel value difference computation means
300 has an input of videos and computes a pixel value difter-
ence between frames of the input videos.

The inter-frame pixel value difference computation means
300 may take a difference between consecutive frames or may
compute an inter-frame difference between frames mutually
separated by several frames.

The inter-frame pixel value difference computation means
300 may find a difference between pixel values of the frames
per pixel, or may divide a frame into a plurality of regions and
find a difference in statistic (such as average, total, median or
norm) between pixel values per region. A pixel or region for
which a difference is to be found may be in an entire screen or
a partial region in the screen. The inter-frame pixel value
difference computation means 300 may find a difference in
statistic between pixel values computed for the total frames.

The inter-frame pixel value difference computation means
300 outputs a computation result as inter-frame pixel value
difference information to the pixel value difference judgment
means 301.

The pixel value difference judgment means 301 judges
whether a change in brightness occurs based on the input
inter-frame pixel value difference information.

For example, when the inter-frame pixel value difference
information is difference information per pixel, the pixel
value difference judgment means 301 judges whether a
change in brightness occurs due to whether a difference value
acquired from the inter-frame pixel value difference informa-
tion, or statistic such as total, average, median or norm of the
absolute values computed from the difference values exceeds
a predetermined threshold.

The pixel value difference judgment means 301 may
employ a difference value of the entire image for a difference
value used for computing statistic or may find a difference
value of only a specific region in the image. For example,
when there is a region in which a pixel value frequently
changes due to a specular reflection or the like even when
brightness does not entirely change, the pixel value difference
judgment means 301 may compute the statistic for pixel
values of the regions except the region. When detecting a
variation in brightness caused by thunder, opening/closing of
a window shade, or a change in sunlight, the pixel value
difference judgment means 301 may compute the statistic and
judge the presence of a variation in brightness only for a
region in which a pixel value easily changes when a variation
in brightness is caused due to the above in a region near a
window or window shade.

When the inter-frame pixel value difference information is
difference information per region, the pixel value difference
judgment means 301 may compute the statistic of a difference
value per region, and judge the presence of a change in bright-
ness depending on whether the computed statistic exceeds a
predetermined threshold.

When the inter-frame pixel value difference information is
statistic for the entire frames, the pixel value difference judg-
ment means 301 may judge the presence of a change in
brightness depending on whether the statistic exceeds a pre-
determined threshold.

When detecting a change in brightness, the pixel value
difference judgment means 301 outputs the detected time
information as brightness change detection information to the
visual event detection information integration means 210.
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The pixel value difference judgment means 301 may include
an index indicating how much the statistic used for judging
the presence of a variation in brightness exceeds the thresh-
o0ld, as reliability information, in the brightness change detec-
tion information.

Structure of the person posture change/action detection
means 202 will be described below.

FIG. 6 is a block diagram illustrating an exemplary struc-
ture of the person posture change/action detection means 202.
As illustrated in FIG. 6, the person posture change/action
detection means 202 includes person region extraction means
320, person posture judgment means 321, and person posture
change/action judgment means 322.

The person region extraction means 320 generates person
region information based on input videos.

The person posture judgment means 321 generates person
posture information by use of the generated person region
information.

The person posture change/action judgment means 322
generates person posture change/action detection informa-
tion by use of the generated person posture information.

The operations of the person posture change/action detec-
tion means 202 will be described below.

The person region extraction means 320 has an input of
videos. The person region extraction means 320 extracts a
person region from an input video. The processing of extract-
ing a person region can be realized by various methods.

The person region extraction means 320 may employ a
method for extracting a person by extracting still regions from
an input image to construct a background image and comput-
ing a difference relative to the image to detect a moving
object. In this case, assuming that objects other than persons
are not included in the moving objects, the person region
extraction means 320 may regard the moving object as person
region. When objects other than persons are included in the
moving objects, the person region extraction means 320
judges whether a person is present in a resultant individual
moving object region, and extracts a person region. The judg-
ment can be made by use of a discriminator trained with the
features of the person region.

The person region extraction means 320 may employ a
method for directly extracting a person region from an image
without taking a difference between the input image and the
background image. For example, there is a method for detect-
ing part of a person region by use of a discriminator trained
with the features of human body such as head, face and upper
body and finding a person region from the detection result. In
this case, the person region extraction means 320 acquires a
certain region lower than the region where the head or face is
detected as person region. Then, the person region extraction
means 320 generates information on the acquired person
region as person region information. The person region infor-
mation is the coordinates of the upper left point and the lower
right point of the rectangle surrounding the person region, for
example.

The person region information may indicate a silhouette of
the region found by the background difference. In this case,
the person region information may be indicated by use of a
region shape description system standardized in MPEG-4
video encoding or a region shape description system stan-
dardized in MPEG-7. The person region extraction means
320 outputs the acquired person region information to the
person posture judgment means 321.

The person posture judgment means 321 judges a specific
posture of a person included in the person region based on the
input person region information. The person posture judg-
ment means 321 judges a specific posture of a person by use
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of a discriminator trained with specific person postures, for
example. For example, when judging a seated posture, the
person posture judgment means 321 judges whether a person
included in the person region is seated by use of a discrimi-
nator previously trained with the features of a seated person as
person postures. When a plurality of postures to be judged are
present, the person posture judgment means 321 may judge a
posture by use of a discriminator trained with the features of
individual postures.

The person posture judgment means 321 judges a specific
posture of a person for each person region included in the
person region information, and generates a judgment result as
person posture information. The person posture judgment
means 321 outputs the generated person posture information
to the person posture change/action judgment means 322.

The person posture change/action judgment means 322
judges whether a posture of an individual person included in
the person posture information indicates a specific change.
For example, when a person changes from a standing state to
a seated state, the person posture change/action judgment
means 322 outputs information on the change time as person
posture change/action detection information to the visual
event detection information integration means 210. At this
time, when being able to acquire information on a degree of
reliability of the change detection at the same time, the person
posture change/action judgment means 322 may include the
acquired reliability information in the person posture change/
action detection information.

Other exemplary structure of the person posture change/
action detection means will be described below.

FIG. 7 is a block diagram illustrating other exemplary
structure of the person posture change/action detection
means. As illustrated in FIG. 7, a person posture change/
action detection means 202 includes the person region extrac-
tion means 320 and specific action judgment means 331.

The specific action judgment means 331 generates person
posture change/action detection information by use of person
region information input by the person region extraction
means 320.

The operations of the person posture change/action detec-
tion means 202 will be described below.

The person region extraction means 320 has an input of
videos. The person region extraction means 320 outputs per-
son region information acquired from the input videos to the
specific action judgment means 331.

The specific action judgment means 331 judges a specific
action of a person included in the person region based on the
input person region information. The specific action judg-
ment means 331 judges a specific action of a person by use of
a discriminator trained with the features of specific actions of
persons, for example. For example, when judging a hand-
raising action, the specific action judgment means 331 judges
it by use of a discriminator trained with the features of a video
period in which a hand is raised. The discriminator may
comprise a function of extracting and judging the features of
the hand-raising action from an image itself, or may comprise
a function of applying a model indicating a human shape and
judging a hand-raising action from a temporal change in
relative relationship of each part of the applied model.

A specific action judged by the specific action judgment
means 331 may be other actions, not limited to the hand-
raiding action. The specific action judgment means 331 may
judge, from a change in position of the person, a specific
action capable of being judged from only a change in position
of'the person such as “passing over a specific position (such as
reference line drawn on the floor)”” and “starting to walk”™. For
example, in order to judge whether a person passes through an
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automatic door, the specific action judgment means 331 may
judge whether a specific part of the body such as foot position
or head position passes.

When a specific action is detected, the specific action judg-
ment means 331 outputs information on the detection time as
person posture change/action detection information to the
visual event detection information integration means 210. At
this time, when being able to acquire reliability information
on the action detection at the same time, the specific action
judgment means 331 may include the acquired reliability
information in the person posture change/action detection
information.

Structure of the specific object state change detection
means 203 will be described below.

FIG. 8 is a block diagram illustrating an exemplary struc-
ture of the specific object state change detection means 203.
As illustrated in FIG. 8, the specific object state change detec-
tion means 203 includes specific object region extraction
means 341 and specific object state change judgment means
342.

The specific object region extraction means 341 generates
specific object region information based on input videos.

The specific object state change judgment means 342 gen-
erates specific object state change detection information by
use of the generated specific object region information.

The operations of the specific object state change detection
means 203 will be described below.

The specific object region extraction means 341 has an
input of videos. The specific object region extraction means
341 detects a specific object region from the input videos. For
example, when the specific object is a door or automatic door,
the specific object region extraction means 341 detects a
region thereof.

The specific object region extraction means 341 detects a
region of a specific object (which will be denoted as specific
object region below). The specific object region extraction
means 341 detects a specific object region by use, of a dis-
criminator trained with the features of specific objects, for
example. The specific object region extraction means 341
outputs information on the detected region as specific object
region information to the specific object state change judg-
ment means 342. The specific object region information can
be indicated in a similar description method to the person
region information. When a specific object is always present
at a fixed position within a screen, the user may previously
store the information on the position in the specific object
region information.

The specific object state change judgment means 342
judges a change in state of a specific object within the specific
object region indicated by the input specific object region
information. The specific object state change judgment
means 342 judges a change in state of a specific object by use
of'a discriminator trained with the features of state changes of
the specific object, for example. For example, when judging
opening/closing of a door or automatic door, the specific
object state change judgment means 342 judges opening/
closing of the door or automatic door by use of a discriminator
trained with a door-closed state and door-opened state.

The specific object state change judgment means 342 may
extract an edge region of the door without using the discrimi-
nator, analyze motions of the extracted region, and judge
opening/closing of the door. Specifically, when the edge
region of the door starts to move from a position in the
door-closed state, the specific object state change judgment
means 342 judges that the door is open.

When a specific object involves a state change in which a
pixel value of a specific part changes like a display, the spe-
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cific object state change judgment means 342 may extract
pixel value information of the specific part, judge whether it
matches with a specific video, and detect a state change.

The specific object state change judgment means 342 may
detect, as needed, that a black frame or specific-color frame is
periodically displayed.

The specific object state change judgment means 342 may
simply detect switching between shots as a state change. For
example, when the specific object s a traffic light, the specific
object state change judgment means 342 may detect a change
in pixel values of the specific part (the traffic light part).

When the specific object involves a state change in which a
usually-still part periodically moves like a marionette clock,
the specific object state change judgment means 342 may
detect motions of the moving part and detect its state change.
The detection of motions may employ various existing sys-
tems in addition to detection using inter-frame difference or
optical flow.

When detecting a specific state change of a specific object,
the specific object state change judgment means 342 outputs
information on the detection time as specific object state
change detection information to the visual event detection
information integration means 210. At this time, when being
able to acquire reliability information on the state change
detection at the same time, the specific object state change
judgment means 342 may include the acquired reliability
information in the specific object state change detection
information.

Structure of the specific state change detection means 204
will be described below.

FIG. 9 is a block diagram illustrating an exemplary struc-
ture of the specific state change detection means 204. As
illustrated in FIG. 9, the specific state change detection means
204 includes moving object region extraction means 360 and
specific state change judgment means 361.

The moving object region extraction means 360 generates
moving object region information based on input videos.

The specific state change judgment means 361 generates
specific state change detection information by use of the
generated moving object region information.

The operations of the specific state change detection means
204 will be described below.

The moving object region extraction means 360 has an
input of videos. The moving object region extraction means
360 extracts a moving object region from the input videos.
The moving object region extraction means 360 outputs mov-
ing object region information indicating the extracted moving
object region to the specific state change judgment means
361. The extraction processing may employ a system based
on the background difference or may employ various existing
methods for extracting a moving object region. The moving
object region information may be indicated in a similar
description system to the above person region information.

The specific state change judgment means 361 detects a
specific state change of a moving object included in the mov-
ing object region indicated by the input moving object region
information.

For example, when the specific state change is object’s
dropping, the specific state change judgment means 361
detects whether a dropping object is present in the moving
objects. Specifically, the specific state change judgment
means 361 analyzes motions of individual moving objects
and detects a moving object moving down vertically thereby
to judge whether the moving object has dropped. The detec-
tion of moving objects’ motions may employ various existing
systems such as system based on optical flow.
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When the specific state change is collision between
objects, the specific state change judgment means 361 detects
collisions between a plurality of moving object regions. The
specific state change judgment means 361 may detect a state
in which a plurality of separated moving object regions
approach each other to finally bind each other at the same
position. The specific state change judgment means 361
tracks the moving object region across the frames and com-
putes the position thereof in order to detect the bonding of the
moving objectregions. The tracking of moving object regions
may employ various existing tracking methods.

When the video is a road monitoring video, the specific
state change judgment means 361 may detect that a car starts
to move from a stop state. In this case, the specific state
change judgment means 361 analyzes motions of the moving
object region thereby to detect that the car starts to move.

When detecting a specific state change, the specific state
change judgment means 361 outputs information on the
detection time as specific state change detection information.
At this time, when being able to acquire reliability informa-
tion on the state change detection at the same time, the spe-
cific state change judgment means 361 may include the
acquired reliability information in the specific state change
detection information.

The present application claims the priority based on Japa-
nese Patent Application No. 2011-277155 filed on Dec. 19,
2011, the entirety of which disclosure is incorporated herein
by reference.

The present invention has been described above with ref-
erence to the exemplary embodiment, but the present inven-
tion is not limited to the exemplary embodiment. The struc-
ture or details of the present invention may be variously
modified within the scope understood by those skilled in the
art.

REFERENCE SIGNS LIST

1 Temporal function generation means

2 Shooting means

3 Feature computation means

4 Temporal correlation computation means

5 lllumination means

8 Subject

100-1 to 100-N Video acquisition means

101-1 to 101-N Visual event detection means

102 Visual event integration means

201 Brightness change detection means

202 Person posture change/action detection means

203 Specific object state change detection means

204 Specific state change detection means

210 Visual event detection information integration means

300 Inter-frame pixel value difference computation means

301 Pixel value difference judgment means

320 Person region extraction means

321 Person posture judgment means

322 Person posture change/action judgment means

331 Specific action judgment means

341 Specific objet region extraction means

342 Specific object state change judgment means

360 Moving object region extraction means

361 Specific state change judgment means

The invention claimed is:

1. A time synchronization information computation device

comprising:

a plurality of visual event detection units provided corre-
sponding to a plurality of video acquisition units for
analyzing the videos acquired by the plurality of video
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acquisition units to detect visual events, and generating
visual event detection information including informa-
tion on when the visual events are detected; and
a visual event integration unit for integrating the visual
event detection information generated by the plurality of
visual event detection units, and generating time syn-
chronization information which is used to synchronize
the times of the videos acquired by the plurality of video
acquisition units by correcting time shifts associated
with the information on when the visual events are
detected, based on likelihoods of the visual events to
occur.
2. The time synchronization information computation
device according to claim 1,
wherein the visual event integration unit finds an event
occurrence likelihood function indicating a likelihood in
which a detected visual event occurs as a temporal func-
tion based on the visual event detection information
input by the plurality of visual event detection units, and
computes the amount of correction in a temporal axis
direction that maximizes a value obtained by correcting
in the temporal axis direction the event occurrence like-
lihood function corresponding to each item of visual
event detection information, and generates time syn-
chronization information including the computed
amount of correction.
3. The time synchronization information computation
device according to claim 2,
wherein the visual event integration unit stores a function
on which a detection time likelihood is reflected per
event type, and
generates an event occurrence likelihood function based on
a detection time of each visual event and the function.
4. The time synchronization information computation
device according to claim 3,
wherein the visual event integration unit acquires a degree
of reliability of visual event detection from the visual
event detection information,
multiplies a function on which a detection time likelihood
is reflected by the degree of reliability of visual event
detection, and
generates an event occurrence likelihood function based on
a detection time of each visual event and the function
multiplied by the degree of reliability of visual event
detection.
5. The time synchronization information computation
device according to claim 1,
wherein the visual event detection means unit includes:
one or a plurality of event detection unit for detecting a
visual event; and
a visual event detection result integration unit for integrat-
ing detection results of the event detection unit and out-
putting the integrated detection results as visual event
detection information.
6. The time synchronization information computation
device according to claim 5,
wherein the event detection unit is any one of brightness
change detection unit for detecting a change in bright-
ness as a visual event from an input video, a person
posture change/action detection unit for detecting a
change in posture or an action of a person in an input
video as a visual event, a specific object state change
detection unit for detecting a state change of a specific
object as a visual event from an input video, and a
specific state change detection unit for detecting an
occurrence of a specific state or event as a visual event
from an input video.
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7. A time synchronization information computation

method comprising the steps of:

inputting a plurality of videos therein;

analyzing the plurality of input videos and detecting visual
events;

generating visual event detection information including
information on when the visual events are detected; and

integrating the generated visual event detection informa-
tion, and generating time synchronization information

5
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synchronize the times of the plurality of videos by cor-
recting time shifts associated with the information on
when the visual events are detected, based on likeli-
hoods of the visual events to occur.

10. The non-transitory computer-readable recording
medium in which the time synchronization information com-
putation program is recorded, according to claim 9, the pro-
gram causing a computer to perform:

in the visual event integration processing, the program

causes the computer to execute:

which is used to synchronize the times of the plurality of 10 . £ findi " likelihood
videos by correcting time shifts associated with the a processing ol lnding an event occurrence AxeULoo
information on when the visual events are detected function indicating a likelihood in which a detected
based on likelihoods of the visual events to occur ’ visual event occurs as a temporal function based on the
8. The time synchronization information computation mnput V.1sua1 event det.ectlon information; and ..
method according to claim 7, comprising the steps of: 15 @processing O.f computing the amount of correction mna
finding an event occurrence likelihood function indicating temporal axis (ﬁrectlon that IAXIIIZES & Yalue obtained
a likelihood in which a detected visual event occurs as a by correcting 1 the tempora | axis dlrectlop the event
temporal function based on the visual event detection occurrence likelihood fun.ctlo.n correspondmg to each
information: and item of visual event detection information, and generat-
computing the amount of correction in a temporal axis 20 ing time synchronization m formation including  the
direction that maximizes a value obtained by correcting 1 ICOAumed aml?runt.of ?orrgctlp o S
in the temporal axis direction the event occurrence like- - A time synchronization device comprising: .
lihood function corresponding to each item of visual at least one tnput termlnal for 1putting Vl.deos acquired
event detection information, and generating time syn- from a plurality of video acquisition devices;
chronization information including the computed 25 @ Processor cqnﬁgured to detect visual events cmjrespond-
amount of correction ing to the videos and to generate synchronization infor-
9. A non-transitory com.puter-rea dable recording medium mation based on when the visual events are detected, and
in which a time synchronization information computation base.:d on hkehhooqs O.f th.e visual events to occur,
program is recorded, the time synchronization information wherelnthe.synchronlzatlc.)n 1nf0rmat.10nls for synchroniz-
computation program causing a computer to perform: 30 1ng the. tumes of .the Vldegs relat}ve to .each other by
a processing of inputting a plurality of videos therein; correcting time shifts associated with the information on
avisual event detection processing of analyzing the plural- 1 zvxrﬁlen;he Vlsualllreve.ntst.areéietfzcted. dine to claim 11
ity of input videos to detect visual events, and generating - -ietime syncuronization device according to claim 1.2,
visual event detection information including informa- Wheren} the synchromzatlon 1nf0.rmat10n COILPLISEs a pl.ural-
tion on when the visual events are detected: and 35 ity of time shifts for synchronizing the times of the videos

based on the relative times associated with the detected

a visual event integration processing of integrating the
g p g g g events.

generated visual event detection information and gener-
ating time synchronization information which is used to I



